Introduction
Malformations of cortical development (MCD) encompass a wide spectrum of brain disorders resulting from abnormal neuronal proliferation, migration or cortical organization. 1 Tuberous sclerosis complex (TSC), a disorder of neural proliferation, is characterized by cortical tubers, subependymal nodules and giant cell astrocytomas as well as tumors in multiple organs. 2 Polymicrogyria (PMG) is a malformation of cortical organization, characterized by multiple small gyri with excessive cortical folding and abnormal cortical cytoarchitecture. PMG may be the result of an intrauterine vascular insult during the period of late neuronal migration or cortical organization, 2 it may also occur bilaterally and may have a genetic background. 3, 5, 7 The combination of certain MCD may occur and account for up to 20% in a series of 83 consecutive patients with MCD. 4 MCD frequently coexist with hippocampal sclerosis (HS) which is characterized by neuronal loss and gliosis usually located in the fields C1 and C3 of the hippocampi. 6 We report a patient with a rare combination of TSC, PMG and contralateral HS.
Case report
A 24-year-old, right-handed woman was admitted for presurgical evaluation of medically intractable epilepsy. Age at seizure manifestation was 3 months. History revealed multiple seizure types, including simple partial seizures (SPS) comprising psychic and sensory symptoms, complex partial seizures (CPS) and secondary generalized tonic-clonic seizures (sGTCS). The patient attended a school for mentally handicapped children. Family history was uneventful.
Currently, she is suffering from one to two SPS or CPS daily. Serial interictal standard EEGs showed periodic spikes in the right fronto-temporal area.
During the prolonged video-EEG monitoring, 11 SPS and 6 CPS were recorded. Her habitual aura consisted of a ''funny'' feeling in her head and tingling on her right hemibody. The aura was usually followed by clouding of consciousness, motionless stare, with bilateral hand automatisms, non-forced head turning to the right, tonic and dystonic posturing of the left arm. In the course of the seizure she head version to the left, and clonic jerks of her left arm preceded the secondary generalized tonic clonic phase. Postictal left-sided hemiparesis occurred regularly. Ictal EEGs demonstrated rhythmic theta activity starting in the right temporal area with regional spreading and generalization.
Brain MRI (1.5 Tesla; T1-weighted spin echo and gradient echo three-dimensional multiplanar reconstruction images with and without intravenous contrast application, axial and coronal We report a rare case of combination of three distinct cerebral pathologies: tuberous sclerosis, polymicrogyria and hippocampal sclerosis in a patient with intractable epilepsy. Ictal EEG and ictal SPECT suggested right perisylvian area as a seizure onset zone. However, on MRI multiple potentially epileptogenic lesions were identified.
The neurobiological background of the coexistence of different types of malformations of cortical development remains enigmatic.
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T2-weighted turbo spin echo, T1 inversion recovery, T2-weighted fast fluid attenuated inversion recovery (FLAIR) and diffusion weighted sequences. Coronal T2 and FLAIR slices were 3 mm) showed three different abnormalities: (i) Multiple cortical tubera (Fig. 1A) ; (ii) abnormal gyral pattern, thickening of the cortex with irregular gray-white matter junction in the right perisylvian cortex, consistent with unilateral polymicrogyria (Fig. 1A , B, E and F); (iii) contralateral left sided hippocampal sclerosis -hippocampus was small with increased MR signal in T2 and FLAIR sequences and absence of typical three layer structure ( Fig. 1F and G). On cerebral computer tomography (CT) multiple cortical and subcortical hypodense lesions and subependymal calcified nodules were seen along with abnormal cortical thickness and irregular morphology in the right perisylvian area (Fig. 1E) .
Beside the typical MRI-findings of TSC, the patient suffered of facial angiofibromas, cardiac rhabdomyoma, and renal amgiomyolipoma.
Ictal-interictal subtracted single photon emission computed tomography with Tc 99 -HMPAO (Tc99m-HMPAO-SPECT) showed increased perfusion in the right temporo-parietal area corresponding to the perisylvian polymicrogyria ( Fig. 1C and D) . Neuropsychological testing showed intact verbal and nonverbal memory, but significantly impaired frontal executive functions. Based on the findings of careful presurgical evaluation, a right-sided epilepsy was assumed. A temporal seizure onset zone was hypothesized, but with respect to seizure semiology and widespread brain imaging findings, an extratemporal seizure onset zone could not been excluded.
Further brain imaging and genetic evaluation of the family was restricted.
Discussion
We report a rare case of combination of three distinct cerebral pathologies: tuberous sclerosis complex with widespread multifocal cortical and subcortical lesions, unilateral perisylvian polymicrogyria and contralateral hippocampal sclerosis in a patient with medically intractable epilepsy. Each pathology has been described independently in multiple syndromes. To the best of our knowledge, this is the first report on their occurrence together in one patient.
TSC is caused by mutations in one of the tumour suppressor genes, TSC1 or TSC2. The majority of patients have TSC as a result of spontaneous genetic mutations while in one-third of the patients TSC is inherited in an autosomal-dominant trait.
The majority of reported cases of PMG is sporadic and one of the main causes is thought to be intranatal ischemic event.
2 For some familial bilateral PMG syndromes causative genes had been identified and mapped. Unilateral perisylvian PMG may have a genetic background with presumed autosomal-recessive or Xlinked mode of inheritance 7 .
Hippocampal sclerosis is a common finding in chronic temporal lobe epilepsy (TLE). It is found in 50-75% of surgical specimens of patients undergoing surgery for pharmacoresistant TLE. 8 Development of HS is multifactorial and may occur secondary to prolonged febrile seizures, head trauma, infection, birth trauma or as a result of recurrent seizures. Recently, a genetic factor conferring susceptibility for HS is being discussed. 9 Different MCD may coexist, as has been reported for PMG and periventricular nodular heterotopia. 10 In focal cortical dysplasia, morphologically abnormal neurons frequently coexist with polymicrogyric cortex and abnormally migrated neurons. 11 In the presented case we can only speculate about the pathogenetic link between PMG and TSC. While TSC has a clear genetic cause, and was never described as a result from exogenous causes, PMG may result from genetic as well as exogenous causes. 2, 3, 7 The coexistence may be causally unrelated, with a classic genetic cause of TSC and a ''second hit'' exogenous cause leading to PMG. Alternatively there may be a common genetic background of TSC and PMG. To date the majority of patients with TSC carry mutations in TSC1 or TSC2. 12, 13 Therefore genetic heterogeneity may explain the different phenotype with coexisting PMG in our patient.
The coexistence of MCD and HS may be determined by MCD causing recurrent seizures which lead to the secondary damage of hippocampal formation (HF) located in the close proximity of MCD. This hypothesis is supported by the fact that many patients with unilateral MCD have ipsilateral HS.
14 Another reason for dual occurrence of MCD and HS is the probability of a common pathogenetic mechanism, which could be presumed by tracing the embryonic development of HF and neuronal migration. 15 Careful, even multistage presurgical evaluation is needed in patients with multiple cerebral lesions. Both, MCD and HS might have epileptogenic properties as was shown by intracranial EEG recordings directly from hippocampus and MCD. 16 Epilepsy surgery may be an option for some TSC patients with medically intractable seizures. Surgery is challenging because the tubers are often multifocal, bilateral and can overlap with eloquent cortex. The success of surgery depends on the identification of the socalled ''epileptic tuber''. New imaging techniques, like a-
MR-spectroscopy may help identifying the epileptic tuber and possibly substitute invasive recordings. [17] [18] [19] In contrast, patients with PMG are rarely good candidates for epilepsy surgery since epileptogenic zones frequently involve eloquent cortical areas with retained function. Moreover, epileptogenic regions might extend to the normal cortex, poorly demarcated from adjacent PMG. Our patient was not regarded as a good candidate for the epilepsy surgery due to discordant findings and location of the presumed epileptogenic zone in the potentially eloquent cortex. She had multiple seizure types during the course of her epilepsy, though in the video-EEG monitoring unit only stereotypical seizures were recorded. Ictal EEG and ictal SPECT suggested right perisylvian area as a seizure onset zone. However, on MRI multiple potentially epileptogenic lesions were identified (TSC, PMG, HS).
